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DETAILED ACTION 
Claim Rejections - 35 USC §112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 1 1 2: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

2. Claims 15 & 28 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claims 25 & 28 recite the limitation "the transistor is a reset transistor" in lines 1- 

2. There is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 1-13, 16-27, & 29-37 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Rhodes (US 6,232,626) in view of Tasumi (US 5,818,322). 

Re claims 1,4-6, 9-10, 16, 20-22, 25-26,29-30, 32 & 35, Rhodes teaches a 
processor system, comprising (Fig. 14): 

a processor (444); and an image sensor (442) coupled to the processor, the 
image sensor comprising: 

An array of pixel cells (Fig. 4), at least one of the pixel cells comprising (Fig. 5): 
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A photodiode (24, Col. 10, lines 5-7); a gate of a transfer transistor adjacent to the 
photodiode; a floating diffusion region (30) electrically connected to the transistor; and 
readout circuitry (36 & 38) electrically connected to the floating diffusion region. 

Rhodes does not teach the photodiode comprising layers of a Si and SiGe, 
wherein the layers are configured to promote ionization by a first carrier type and 
suppress ionization by a second carrier type. Tasumi teaches a superlattice structure of 
Si and SiGe is formed in the groove to form an avalanche photodiode. It is noted in the 
art that this avalanche photodiode promotes ionization by a first carrier type and 
suppress ionization by a second carrier type hence improving a light conversion 
efficiency. Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to substitute regular photodiode of Rhodes with avalanche 
photodiode as taught by Tasumi in order to improve photo converting efficiency of the 
photosensing element. 

Re claims 2-3 & 37, Rhodes as modified by Tasumi does not explicitly teach a 
difference between the valence band energies of the Si layer and the SiGe layer is 
greater than a difference between the conduction band energies of the Si layer and 
SiGe layer. However, this feature is inherent in Rhodes as modified by Tasumi since 
same materials are used for photodiode. 

Re claims 7-8 & 23-24, Rhodes as modified by Tasumi teaches the photodiode 
comprises at least four layers of Si and at least four layers of SiGe, wherein the layers 
of Si are alternated with the layers of SiGe to form an Si/SiGe structure, wherein at least 
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a first subset of layers is doped to a first conductivity type, and wherein at least a 
second subset of layers is doped to a second conductivity type. 

Re claim 1 1 , Rhodes as modified by Tasumi teaches at least a portion of the 
photodiode is at a level below the level of a top surface of the substrate. 

Re claims 12 & 27, Rhodes as modified by Tasumi teaches the photodiode 
comprises 22 layers which is in the claimed ranges. 

Re claim 13, Rhodes as modified by Tasumi does not each of the layers have a 
thickness of approximately 50 angstroms to approximately 300 angstroms. 

It is an obvious matter of routine experimentation to find the optimal thickness 
ranges. Generally, difference in thickness will not support the patentability of subject 
matter encompassed by the prior art unless there is evidence indicating such thickness 
is critical. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to select the thickness of the layer, since it has been held that 
where the general conditions of a claim are disclosed in the prior art, discovering the 
optimum or workable ranges involves only routine skill in the art. In re Alter, 105 USPQ 
233. 

Re claim 17, Rhodes as modified by Tasumi teaches the photodiode is part of a 
CMOS image sensor. 

Re claim 18, Rhodes as modified by Tasumi does teach the photodiode is part of 
a charge coupled device image sensor. 
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Re claim 19, Rhodes as modified by Tasumi teaches the substrate is a silicon- 
on-insulator substrate. 

Re claim 31 , Rhodes as modified by Tasumi teaches circuitry peripheral to the 
array, the peripheral circuitry being at a surface of the substrate, wherein the substrate 
is a silicon-on-insulator substrate. 

Re claims 33-34, Rhodes as modified by Tasumi teaches SixGe1-x, wherein x is 

0.6. 

Allowable Subject Matter 

5. Claim 14 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

Prior art reference, taken along or in combination, do not teach or render obvious 
that the pixel comprising a graded buffer layer between a bottom layer of the photodiode 
and a surface of the substrate. 

Conclusion 

6. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Donghee Kang whose telephone number is 571-272- 
1656. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on 571-272-1732. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 




Donghee Kang 
Primary Examiner 
Art Unit 281 1 



dhk 



